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1
RADAR APPARATUS USING IMAGE
CHANGE DETECTOR AND METHOD OF
OPERATING THE SAME

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the benefit of Korean Patent Appli-
cation No. 10-2013-0021804, filed on Feb. 28, 2013, which is
hereby incorporated by reference in its entirety into this appli-
cation.

BACKGROUND OF THE INVENTION

1. Technical Field

The present invention relates generally to a radar apparatus
and a method of operating the radar apparatus and, more
particularly, to a radar apparatus and a method of operating
the radar apparatus that are capable of improving the accuracy
of detection of a target using an image change detector.

2. Description of the Related Art

In a detection method using a radar, when a target is
detected, the sizes of noise called “clutter” and reflected
waves are important factors. That is, when a target is detected,
there are cases where if the size of the clutter is larger than the
size of a signal reflected from the target, it is difficult to detect
a target because the signal from the target is mixed with
clutter. For example, when a specific automobile on a road is
set as a target, it is not easy to only detect a signal reflected
from the specific automobile among various objects, for
example, buildings and other automobiles.

Furthermore, in the case of an automobile radar, a road
environment considerably varies over time. For example,
there is a case where an automobile that has just entered a road
in which buildings are densely located and there are a small
number of traffic lanes. The road in which buildings are
densely located and there are a small number of traffic lanes
may exhibit significantly different clutter characteristics
compared to an expressway in which buildings are sparsely
located and there are a large number of traffic lanes. In this
situation, the characteristics of the clutter component collec-
tion information of the radar should be completely changed.

Accordingly, if it is possible to determine the period for
which clutter characteristics have been kept similar and to
evaluate clutter values for a long period, the accuracy of
detection of a target can be increased.

In connection with this, there is Korean Patent No.
1035304 entitled “Vehicle Radar Apparatus using Elevation
Angle Direction Detection Array Antenna and Detection
Method using Vehicle Radar Apparatus.”

SUMMARY OF THE INVENTION

Accordingly, the present invention has been made keeping
in mind the above problems occurring in the prior art, and an
object of the present invention is to provide a radar apparatus
and a method of operating the radar apparatus that are capable
of increasing the accuracy of detecting of a target.

In accordance with an aspect of the present invention, there
is provided a radar apparatus, including a clutter analysis unit
configured to analyze the clutter value of a signal that is
received by a reception unit; a screen change detection unit
configured to calculate the screen change time up to the time
at which a screen has been changed from an image captured
by an imaging apparatus; a representative value acquisition
unit configured to acquire a representative value based on a
plurality of clutter values analyzed for the screen change time
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by the clutter analysis unit; and a target detection unit con-
figured to determine the signal to be a target signal if the size
of the signal is larger than both the clutter value and repre-
sentative value of the signal.

The screen change detection unit may determine whether
the screen has been changed using histogram analysis.

The clutter analysis unit may analyze the clutter value
using a Constant False Alarm Rate (CFAR) detection tech-
nique, including Order Statistic (OS)-CFAR and Cell Aver-
aging (CA)-CFAR.

In accordance with another aspect of the present invention,
there is provided a method of operating a radar apparatus,
including analyzing, by a clutter analysis unit, the clutter
value of a signal that is received by a reception unit; calcu-
lating, by a screen change detection unit, the screen change
time up to the time at which a screen has been changed from
an image captured by an imaging apparatus; acquiring, by a
representative value acquisition unit, a representative value
based on a plurality of clutter values analyzed for the screen
change time; and determining, by a target detection unit, the
signal to be a target signal if the size of the signal is larger than
both the clutter value and representative value of the signal.

Calculating the screen change time may include determin-
ing whether the screen has been changed using histogram
analysis.

Analyzing the clutter value may include analyzing the
clutter value using a CFAR detection technique, including
OS-CFAR and CA-CFAR.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and advantages of the
present invention will be more clearly understood from the
following detailed description taken in conjunction with the
accompanying drawings, in which:

FIG. 1 is a block diagram illustrating a radar apparatus
according to an embodiment of the present invention;

FIG. 2 is a diagram illustrating a process in which a clutter
analysis unit included in the radar apparatus according to the
embodiment of the present invention operates; and

FIG. 3 is a flowchart illustrating a method of operating a
radar apparatus according to an embodiment of the present
invention.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The present invention will be described in detail below
with reference to the accompanying drawings. Repeated
descriptions and descriptions of known functions and con-
figurations which have been deemed to make the gist of the
present invention unnecessarily vague will be omitted. The
embodiments of the present invention are intended to fully
describe the present invention to a person having ordinary
knowledge in the art. Accordingly, the shapes, sizes, etc. of
elements in the drawings may be exaggerated to make the
description clear.

A radar apparatus 100 according to an embodiment of the
present invention will be described with reference to FIG. 1.

FIG. 1 is a block diagram illustrating the radar apparatus
100 according to this embodiment of the present invention. As
illustrated in FIG. 1, the radar apparatus 100 according to this
embodiment of the present invention includes a reception unit
110, a clutter analysis unit 120, a screen change detection unit
130, a representative value acquisition unit 140, and a target
detection unit 150. The elements included in the radar appa-
ratus 100 will be described below.
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The clutter analysis unit 120 functions to analyze a clutter
value received by the reception unit 110. That is, the clutter
analysis unit 120 analyzes a clutter value using signals proxi-
mate to a signal that is received by the reception unit 110. In
greater detail, the clutter analysis unit 120 analyzes a clutter
value using a preset number of signals before and after a
signal that is received by the reception unit 110. In this case,
a Constant False Alarm Rate (CFAR) detection technique,
including Order Statistic (OS)-CFAR and Cell Averaging
(CA)-CFAR, may be used as an algorithm that is used for the
analysis. In this case, the algorithm that is used for the analy-
sis is not limited thereto, but may be replaced with any exist-
ing or future algorithm that can be easily used to analyze a
clutter value.

The screen change detection unit 130 functions to calculate
the screen change time up to the time at which a screen has
been changed from an image captured by an imaging appa-
ratus. That is, the screen change detection unit 130 measures
the time for which clutter characteristics have not changed. In
this case, when it is determined whether the screen has been
changed, histogram analysis is used. In this case, the algo-
rithm that is used to determine whether the screen has been
changed is not limited thereto, and may be replaced with any
existing or future algorithm that can easily determine whether
the screen has been changed.

The representative value acquisition unit 140 functions to
acquire a representative value based on a plurality of clutter
values that are analyzed by the clutter analysis unit 120 for the
screen change time that is calculated by the screen change
detection unit 130. That is, the representative value acquisi-
tion unit 140 continuously collects a plurality of clutter values
that are analyzed by the clutter analysis unit 120 for the screen
change time. The representative value is acquired using the
plurality of collected clutter values. In this case, when acquir-
ing the representative value, the representative value acquisi-
tion unit 140 may use various algorithms, including an algo-
rithm using an average value and an algorithm using an
intermediate value.

The target detection unit 150 functions to determine a
signal to be a target signal if the size of the signal is larger than
both the clutter value and representative value of the signal.
That is, the target detection unit 150 determines a signal to be
a target signal only when the size of the signal is larger than
both a clutter value analyzed by the clutter analysis unit 120
and a representative value acquired by the representative
value acquisition unit 140. That is, when the size of the signal
is smaller than at least one of the clutter value and the repre-
sentative value, the signal is not determined to be a target
signal. This can increase the accuracy of the detection of a
target.

An example in which the clutter analysis unit 120 acquires
a clutter value will be described with reference to FIG. 2. FIG.
2 is a diagram illustrating a process in which the clutter
analysis unit 120 operates.

In FIG. 2, among signal blocks 20, X, refers to a current
signal. A clutter value is analyzed based on signals before and
after X, that is, N signals. This is analyzed via a clutter
processor 30. That is, a Z value that is output by the CFAR
processor 30 is a clutter value.

Furthermore, representative methods by which the CFAR
processor 30 analyzes a clutter value are the above-described
two methods. That is, the representative clutter value analysis
method includes a CA-CFAR technique that takes the average
value of N signals and then calculates a clutter value and an
OS-CFAR technique that arranges N signals in order of size
and then uses a signal corresponding to a k-th signal as a
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clutter value. As described above, the clutter analysis meth-
ods are not limited thereto, but any method that can analyze a
clutter value may be used.

A method of operating a radar apparatus according to an
embodiment of the present invention will be described with
reference to FIG. 3. FIG. 3 is a flowchart illustrating the
method of operating a radar apparatus according to the
embodiment of the present invention.

First, step S110 at which the clutter analysis unit analyzes
the clutter value of a signal that is received by the reception
unit. As described with reference to FIG. 1, the clutter value is
analyzed using signals proximate to the signal received by the
reception unit, that is, a preset number of signals before and
after the received signal. An algorithm that is used for the
analysis may be a CFAR detection technique, such as an
OS-CFAR or a CA-CFAR. As described above, it should be
appreciated that the algorithm is not limited thereto.

Thereafter, step S120 at which the screen change detection
unit calculates the screen change time up to the time at which
a screen is changed from an image that is captured by an
imaging apparatus is performed. That is, at step S120, the
time for which clutter characteristics has not changed may be
measured and then used to assist in the following analysis of
clutter. When it is determined at step S120 whether the screen
has been changed, histogram analysis is used. Furthermore, it
should be appreciated that the determination method is not
limited thereto.

Thereafter, step S130 at which the representative value
acquisition unit acquires a representative value based on a
plurality of clutter values that have been analyzed at the step
of analyzing the plurality of clutter values for the screen
change time is performed. At step S130, the plurality of
clutter values analyzed for the screen change time at step
S110 is collected, and then a representative value is acquired
using the plurality of collected clutter values. In this case,
various algorithms, including an algorithm using an average
value and an algorithm using an intermediate value, may be
used as a method of acquiring a representative value.

Thereafter, step S140 at which the target detection unit
compares the size of the signal with the clutter value is per-
formed. In this case, if the size of the signal is larger than the
clutter value, the control proceeds to step S150. Otherwise the
control proceeds to step S160.

At step S150, if itis determined at step S140 that the size of
the signal is larger than the clutter value, the size of the signal
is compared with the representative value. In this case, if the
size of the signal is larger than the representative value, the
control proceeds to step S170. Otherwise, the control pro-
ceeds to step S160.

Step S160 is a step that is performed if the size of the signal
is smaller than at least one of the clutter value and the repre-
sentative value. At step S160, it is determined that the signal
is not a target signal. Thereafter, the control proceeds to an
end block.

Step S170 is a step that is performed if the size of the signal
is larger than both the clutter value and the representative
value. At step S170, it is determined that the signal is a target
signal. Thereafter, the control proceeds to an end block.

The radar apparatus and the method of operating the radar
apparatus have the advantage of increasing the accuracy of
detecting of a target by taking into account the time for which
clutter characteristics have not considerably changed in an
image that is captured by an imaging apparatus.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled in the art will appreciate that various modifications,
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additions and substitutions are possible, without departing Alarm Rate (CFAR) detection technique, including Order
from the scope and spirit of the invention as disclosed in the Statistic (OS)-CFAR and Cell Averaging (CA)-CFAR.

accompanying claims. 4. A method of operating a radar apparatus, comprising:
What is claimed is: analyzing, by a clutter analysis unit, a clutter value of a
1. A radar apparatus, comprising: 5 signal that is received by a reception unit;
a clutter analysis unit configured to analyze a clutter value calculating, by a screen change detection unit, a screen

of a signal that is received by a reception unit;

a screen change detection unit configured to calculate a
screen change time up to a time at which a screen has
been changed from an image captured by an imaging 10
apparatus;

a representative value acquisition unit configured to
acquire a representative value based on a plurality of
clutter values analyzed for the screen change time by the
clutter analysis unit; and 15

atarget detection unit configured to determine the signal to
be a target signal if a size of the signal is larger than both
the clutter value and representative value of the signal.

2. The radar apparatus of claim 1, wherein the screen

change detection unit determines whether the screen has been 20 . . :
changed using histogram analysis. value comprises analyzing the clutter value using a CFAR

3. The radar apparatus of claim 1, wherein the clutter detection technique, including OS-CFAR and CA-CFAR.

analysis unit analyzes the clutter value using a Constant False ¥ % % % %

change time up to a time at which a screen has been
changed from an image captured by an imaging appara-
tus;

acquiring, by a representative value acquisition unit, a rep-

resentative value based on a plurality of clutter values
analyzed for the screen change time; and

determining, by a target detection unit, the signal to be a

target signal if a size of the signal is larger than both the
clutter value and representative value of the signal.

5. The method of claim 4, wherein calculating the screen
change time comprises determining whether the screen has
been changed using histogram analysis.

6. The method of claim 4, wherein analyzing the clutter



